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A New Physical Water Treatment Technology for Energy-Efficient Water-Cooled
Air-Conditioning Systems

EISG Grant Number: 03-11

PIER Area: Building End-Use Efficiency

Principal Investigator: Wontae Kim (610) 935-8170
Organization: Choson Research Corp.

Grant Amount: $74,290

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using strong pulsating electric fields
with inert electrodes placed directly into the circulating water in water-cooled air conditioning
systems to achieve a reduction in mineral and bio fouling in the condenser tubes such that
chemical treatment is no longer needed.

Proposed Outcome:
e A prototype will be fabricated and tested.

Anticipated Benefits:

e Potential to significantly reduce environmental damage caused by anti bio-fouling and
scale inhibiting chemicals used in 92% of the facilities that have water cooled air
conditioning systems.

e Potential to increase the heat transfer efficiency of cooling towers by 10% over current
state of the art physical water treatment methods which could reduce total California
energy consumption by 6-9 GWh per year or approximately 2-4%.

Project Status:
e Detail cell package design — 100%.
e Fabrication of prototype cell packages — 35%.
e Testing of prototype cell package — 0%.
e Perform a manufacturing cost analysis of the proposal cell package — 0%.
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A Unique Dielectric Light Injector for Ultra Efficient Photovoltaic Cavity
Converters: A Novel Approach for Advanced Solar Concentrators and Directed
Laser Power Beam Applications

EISG Grant Number: 03-27

PIER Area: Renewable Energy Technologies
Principal Investigator: Ugur Ortabasi (760) 761-0463
Organization: United Innovations, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of designing, fabricating, and testing a
novel Dielectric Light Injector for highly efficient collection, transmission and extraction of
concentrated solar radiation into a small spherical space.

Proposed Outcome:
e A Dielectric Light Injector will be fabricated and tested.

Anticipated Benefits:
e May achieve solar-to-electric system efficiencies equal to or over 50% corresponding to
a full system efficiency of over 38%.
e Potential to have an installed system cost of $2.50 / watt in the near term.
e Proposed system has the potential to generate power at $.03/kWh, which is competitive
with central grid power.

Project Status:

e Projected Start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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A Zero Current Ripple, Energy Efficient, and Reliable Low Cost Residential and
Commercial Zero Emissions Direct Power-Conversion System

EISG Grant Number: 03-12

PIER Area: Renewable Energy Technologies

Principal Investigator: Sudip Kumar Mazumder (312) 355-1315
Organization: University of Illinois

Grant Amount: $74,999

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of a new inverter design for fuel cells
and photovoltaic (PV) systems that would reduce cost, increase reliability and increase
conversion efficiency.

Proposed Outcome:
o A5 kilowatt (kW) prototype will be fabricated and tested.

Anticipated Benefits:
e Potential to achieve the Department of Energy power electronics cost target of $40/kW
capacity for fuel cells and PV systems.
e Potential to increase inverter efficiency by 2.5% for single-phase and 3.5% for three
phase outputs.

Project Status:
o First progress report in progress.
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Biomass-to-Syngas, Novel Low-Cost Counter-Current Process

EISG Grant Number: 03-17

PIER Area: Renewable Energy Technologies
Principal Investigator: Donald Taylor (714) 832-9526
Organization: Individual

Grant Amount: $74,908

Status: Active

Project Description:

The purpose of this project is to research the feasibility of a novel biomass-to-syngas process
specifically designed for low-cost conversion of biomass into high-quality syngas suitable for use
in solid-oxide fuel cells for power generation.

Proposed Outcome:
e A bench-scale system will be fabricated and tested.

Anticipated Benefits:
e The proposed technology could provide the needed conversion technology to utilize the
estimated 100,000 tons per day of biomass available in California. Biomass is a
renewable resource for power generation.

e One ton per hour, farm-scale biomass systems producing 1,723 kilowatt hours (kWh) at
a cost of $0.10/kWh.

Project Status:
e Finalize design of test reactor — 100%.
Fabricate 1 million British thermal units per hour (MM Btu/hr) test reactor — 100%.
Fabricate test-stand and install test equipment — 100%.
Test plan approval — 0%.
Conduct testing — 70%.
Document operation — 70%.
Collect and reduce data — 50%.
Project pilot-scale performance — 90%.
Extrapolate data to large-scale operation — 90%.
Complete PDU preliminary design — 90%.
Complete cost projections — 90%.
Final Report — 20%.
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Biosolar Conversion of Carbon Dioxide into Hydrogen Via Bacteria Embedded in
Colloidal Gas Aphrons

EISG Grant Number: 03-29

PIER Area: Energy Systems Integration

Principal Investigator: Laurent G. Pilon (310) 206-5598
Organization: University of California, Los Angeles
Grant Amount: $74,948

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing an inexpensive, efficient,
scalable, autonomous and reliable system for producing hydrogen from microbial consumption of
carbon dioxide. The proposed method is growing photosynthetic bacteria in colloidal gas aphrons
to produce hydrogen gas.

Proposed Outcome:
e A prototype will be fabricated and tested.

Anticipated Benefits:
e Potential to reduce carbon dioxide (CO,) emission from fossil-fueled electricity
generation units by 25%.
e Proposed technology may produce hydrogen in a sustainable and environmentally
friendly manner.

Project Status:

e Projected Start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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Covell Village — A Model for Sustainable Communities

EISG Grant Number: 03-10

PIER Area: Energy Systems Integration

Principal Investigator: Mark Berman (530) 753-1100
Organization: Davis Energy Group, Inc.

Grant Amount: $74,965

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of designing a planned community that
incorporates a comprehensive energy plan that reduces energy consumption by 50% based on
current Title 24 energy standards. The plan would incorporate energy efficient building
construction, renewable energy sources, distributed co-generation, and district heating and
cooling strategies.

Proposed Outcome:
e This project will result in a master energy plan for the planned community.

Anticipated Benefits:
e Potential to decrease electrical consumption by 50% compared to equivalent houses
built to current Title 24 standards.
e Potential to decrease gas consumption by 50% compared to equivalent houses built to
Title 24 standards.
e Potential to reduce CO , emissions by 40% or more compared to conventional
housing developments.

Project Status:

o Evaluate energy needs — 100%.
Forecast energy supply/demand thru 2020 — 80%.
Evaluate renewable energy resources — 70%.
Evaluate district heating and cooling — 80%.
Evaluate costs and economics — 80%.
Identify business, code and regulatory issues — 90%.
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Development of a Wireless Lighting Control Network

EISG Grant Number: 03-23

PIER Area: Building End-Use Efficiency

Principal Investigator: Charlie Huizenga (510) 643-8003
Organization: University of California, Berkeley

Grant Amount: $74,915

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing and demonstrating a
wireless lighting control system based on miniature low-power radio network technology
currently being developed at UC Berkeley. The system will be appropriate for both retrofit and
new construction.

Proposed Outcome:
e A control system will be developed and tested.

Anticipated Benefits:
e Potential to provide an automated method of turning off lights in unoccupied work areas.
e Potential to automatically shed 50% or more of the lighting load in buildings where the
system is installed during peak periods without compromising health and safety.
e The proposed lighting control is applicable to exiting buildings as a retrofit. It would not
require replacing existing fluorescent ballasts or fixtures and the control could be
installed in a fixture in a few minutes.

Project Status:

e Projected Start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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Efficient Lighting by Sensing and Actuating with MEMS ‘Smart Dust Motes’

EISG Grant Number: 03-20

PIER Area: Building End-Use Efficiency

Principal Investigator: Alice Agogino (510) 642-6450
Organization: University of California, Berkeley
Grant Amount: $74,009

Status: Active

Project Description:
The purpose of this project is to research the feasibility of developing and testing ‘Smart Dust
Motes’ for sensing, actuating and personalizing dimmable fluorescent lighting systems.

Proposed Outcome:
e ‘Smart Dust Motes’ will be fabricated and tested.

Anticipated Benefits:
e Potential to reduce the cost of retrofitting dimmable fluorescent lighting as part of a
central energy management strategy.
e Provides demand-responsive control algorithms that balance conflicting occupant needs
with the desires of the building manager.
e Provides for personal optimization to increase user acceptance.

Project Status:

e Projected start date October 1, 2004.
e First progress report due no later than 4 months after start date.
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High Efficiency Lanthanide Doped Ceria-Zirconia Layered Hybrid Electrode for
SOFC Generators

EISG Grant Number: 03-14

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Juan L. Sepulveda (520) 295-4611
Organization: Intertec Advanced Materials, Inc.

Grant Amount: $74,936

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of increasing the efficiency of Solid
Oxide Fuel Cells (SOFC) by unique design and application of ceria to zirconia to form an
improved solid electrolyte.

Proposed Outcome:
e Electrolyte and electrode formulations will be fabricated and tested.

Anticipated Benefits:
e Potential to provide energy at a cost estimated to be around $0.039/kWh, roughly a 5%
cost reduction from the current state of the art.
e The proposed improved fuel cell technology may provide the following advantages:
reduced emissions, higher efficiency, co-generation capability, enhanced grid reliability
and elimination of transmission losses.

Project Status:
e Set up detailed work plan — 100%.
Develop electrolyte and electrode formulations — 95%.
Fabricate electrolyte — 90%.
Fabricate electrode — 50%.
Test cell manufacturing and testing — 35%.
Manufacturing cost analysis — 0%.
Conduct life cycle cost analysis — 0%.
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High-Performance, Nanostructured Cathode for Li-ion Rechargeable Battery

EISG Grant Number: 03-28

PIER Area: Energy Systems Integration
Principal Investigator: Ning Pan (530) 752-6232
Organization: University of California at Davis
Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing a novel nanostructured
lithium-cobalt dioxide (LiCoO,) cathode for a Li-ion rechargeable battery with high-capacity and
high-rate capability, by using the electrophoretic deposition (EPD) method for low-cost
production.

Proposed Outcome:
e (Cathode films will be fabricated and characterized by electrophoretic deposition (EPD).

Anticipated Benefits:
e Potential to increase the capacity of rechargeable batteries by over 50% and reduce the
cost of rechargeable batteries by 30%. Thus the cost-efficiency of the projected lithium-
ion rechargeable power system will increase over 80%.
o Eliminates toxic materials in battery construction with environmentally friendly
materials.
e Potential to provide large scale energy storage capability at a lower cost.

Project Status:

e Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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Innovative Injection-Molded Plastic for High-Concentration PV Cells

EISG Grant Number: 03-16

PIER Area: Renewable Energy Technologies

Principal Investigator: Kenneth W. Stone (310) 325-8091
Organization: Amonix

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of using a new injection-molded thermal
plastic in the manufacture of modules that hold solar cells in high-concentration solar-cell
systems, thereby reducing the manufacturing costs of these modules.

Proposed Outcome:
e A prototype cell package will be fabricated and tested.

Anticipated Benefits:
e Potential to lower the installed cost/watt of a high concentration PV system by more
than 15%.

e Proposed concept could be used to mount the next generation multi-junction high-
concentration solar cells that are currently under development, which could result in a
30% reduction in installed cost/watt.

Project Status:
o Cell package detail design — 100%.
e Fabrication of prototype cell packages — 35%.
o Testing of prototype cell package — 0%.
e Perform a manufacturing cost analysis of the proposal cell package — 0%.
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Innovative Wheel Concept to Increase Gas Turbine Efficiency

EISG Grant Number: 03-15

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Mark J. Skowronski (714) 317-5016
Organization: Markron Technologies LLC.

Grant Amount: $75,000

Status: Active

Project Description:
The purpose of this project is to determine the feasibility of increasing the efficiency of small
Brayton-cycle gas turbines by using nozzles on the periphery of a bladeless turbine wheel to

reduce wheel losses.

Proposed Outcome:

A prototype will be fabricated and tested.

Anticipated Benefits:

If successful and full market penetration in the 1-3 megawatt (MW) range was

achieved the annual benefit to California would be the reduction of 45 tons of nitrogen
oxides (NOy), 59,000 tons of methane (CH,), and over 60,000 tons of carbon dioxide

(CO,) emissions.

Potential to provide a small gas turbine design for base load power generation capable of

producing power at $.05/kilowatt hour (kWh) based on lifecycle costs.

Potential to produce an estimated $16 million annually in energy and capacity reductions
due to the higher efficiencies achieved with the proposed technology, based on a 5-year

market penetration of 250 megawatts.

Project Status:

Develop specifications and design for nozzles and nozzle assembly — 75%.
Develop specification and design for test wheel and wheel assembly — 75%.
Develop design for testing rig — 75%.

Fabrication of wheel and nozzles — 0%.

Conduct assembly and balancing — 0%.

Fabricate testing rig — 30%.

Conduct prototype testing — 0%.

Upon failure, conduct failure analysis, modify design, and redo testing

(if necessary) — 0%.

Perform Brayton cycle total system performance projections — 20%.
Conduct life cycle cost analysis — 20%.
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New Membrane Based on lonic Liquids for High Temperature PEM Fuel Cells

EISG Grant Number: 03-19

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Jun John Xu (732) 445-5606
Organization: Rutgers University

Grant Amount: $75,000

Status: Active

Project Description:
The purpose of this project is to determine the feasibility of a new acid/ionic liquid/polymer
composite membrane for anhydrous proton conduction in PEM Fuel cells at 150 degrees Celsius.

Proposed Outcome:
e Membrane-electrode-assemblies (MEA) will be fabricated and tested.

Anticipated Benefits:

e May allow the operation of PEM fuel cells at 150°C instead of the current 80°C allowing
for easier thermal management, size reduction of heat exchangers, and greater carbon
monoxide (CO) tolerance in fuel cell power systems.

e Potential to reduce the cost of PEM fuel cell membranes to less than $100/m2, which is
significantly lower than that of Niafion™ ($500-1000/m2) the current state-of-the-art.

Project Status:
o First progress report in progress.
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Phase-Change Frame Walls (PCFWs) for Peak Demand Reduction, Load Shifting,
and Energy Conservation in California

EISG Grant Number: 03-25

PIER Area: Building End-Use Efficiency

Principal Investigator: Mario A. Medina (785) 864-3604
Organization: University of Kansas

Grant Amount: $74,596

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing an optimized phase-change

structural insulated panels that may reduce peak load air conditioning demand and provide energy
savings. The panels will be fully characterized in terms of R-values, demand reduction potential,

and thermal storage capabilities.

Proposed Outcome:
e Two sets of phase-change frame walls will be fabricated and tested.

Anticipated Benefits:
e Potential to lower air conditioning demand by at least 20%.
e Potential to reduce wall peak heat flux by as much as 42%.

Project Status:

o Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.

EISG Multi-Year Projects Started in 2004  Page 24



Volume 8 — Energy Innovations Small Grant

Printed Photovoltaic Images for Roofing

EISG Grant Number: 03-22

PIER Area: Renewable Energy Technologies

Principal Investigator: Russell Gaudiana (978) 569-1410
Organization: Konarka Technologies, Inc.

Grant Amount: $74,482

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing a method for printing
patterns on low-cost thin-film dye-sensitized titania photovoltaics (PV) that matches conventional
roofing materials to achieve an aesthetically pleasing appearance.

Proposed Outcome:
e Roofing material images will be printed using PV dyes and modules will be fabricated
and tested.

Anticipated Benefits:
o Potential to deliver photovoltaics at ~$1/watt at full volume production.
e Potential to achieve an installed cost of $3,000/kilowatt (kW) assuming $1,000/kW PV
and $2,000/kW for BOS and installation. This is half the cost per kilowatt hour (kWh)
of current PV products.

Project Status:

e Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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Pulsed Ultrasound Water Treatment

EISG Grant Number: 03-21

PIER Area: Industrial/Agriculture/Water End-Use Efficiency
Principal Investigator: Robert W. Cribbs (916) 941-7600
Organization: Sonipulse, Inc.

Grant Amount: $74,610

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using pulsed ultrasound to replace
chlorine or chlorine compounds, ozone, ultraviolet, peroxide, or other chemical processes to
process both municipal water and industrial or agricultural wastewater before discharging it

into rivers.

Proposed Outcome:
e A prototype ultrasonic processor will be built and evaluated.

Anticipated Benefits:
e Potential to achieve 99.9% sterilization in seconds rather than minutes or hours.
e Potential to provide an alternative method for water treatment without the negative
environmental and health impacts of current technologies.

Project Status:

o Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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Test and Evaluation of Heat Transfer Parameters for CAES Tank System

EISG Grant Number: 03-24

PIER Area: Renewable Energy Technologies
Principal Investigator: Paul Lieberman (310) 371-2198
Organization: Lieberman Research Associates

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using 3% by volume of anti-freeze
filled copper tubing in the storage tanks of a CAES (tank) system to assure that the temperature
swing and pressure swing are acceptable as inputs to the effective operation of a turboexpander.

Proposed Outcome:
e A scaled prototype will be fabricated and tested.

Anticipated Benefit:

e The system has the potential to provide cost effective energy storage for wind farm
applications as well as possible industry applications.

e Compared to batteries, the proposed system offers the potential of greater energy storage
capacity and longer life (20 years compared to 5 years for batteries). Also, there would
be no need to purchase, maintain, and dispose of toxic and corrosive chemicals.

e When incorporated into a wind farm operation the cost of power from the CAES is
projected at $.07/kilowatt hour which is competitive.

Project Status:
e Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.

EISG Multi-Year Projects Started in 2004  Page 27



Volume 8 — Energy Innovations Small Grant

The DaySwitch

EISG Grant Number: 03-13

PIER Area: Building End-Use Efficiency

Principal Investigator: Peter Morante (518) 687-7100
Organization: Rensselaer Lighting Research Center
Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of developing an inexpensive, easy to
install, self-commissioning photosensor that will clip into existing lighting fixtures and allow
them to automatically shut off lights when sufficient daylight is available.

Proposed Outcome:
e A prototype will be developed and tested.

Anticipated Benefits:
e Potential to provide 30% or more lighting energy reduction in spaces where daylight is
present. The total component cost of the photosensor is proposed at less than $6.00.
e Potential to reduce lighting energy consumption in the state by 2.5 billion kilowatt hours
(kWh) per year. This would save over $244 million per year for electric ratepayers.
e Potential to reduce peak electric demand in California.

Project Status:
e Product design — 50%.
e Component development and testing — 10%.
e Bench-scale prototype development and testing — 0%.
o Final prototype development and presentation — 0%.
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The Mamikon Spinner

EISG Grant Number: 03-26

PIER Area: Renewable Energy Technologies
Principal Investigator: Todd E. Mills (626) 308-4400
Organization: Hi-Q Products, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of fabricating a more efficient blade
design for small wind turbines. The new design is a single continuous ribbon shaped into a
spinner with spokes to a central hub.

Proposed Outcome:
e A prototype will be fabricated and tested.

Anticipated Benefits:
e Potential to reduce the manufacturing cost by 15-20% compared to conventional
turbine blades.
e Proposed concept has the potential to increase the efficiency of small turbines by 7-14%
in low wind sites of 12.5-16.8 mph.
e Proposed design has the potential of being more aesthetically pleasing compared to
turbines with conventional blades.

Project Status:
e Projected start date October 1, 2004.
o First progress report due no later than 4 months after start date.
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A Low-NO, Porous Ceramics Burner Performance Study

EISG Grant Number: 02-14

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Pei-feng Hsu (321) 674-7246
Organization: Florida Institute of Technology

Grant Amount: $74,988

Status: Active

Project Description:

The purpose of this project is to research the feasibility of a multi-layer cylindrical porous
ceramic burner to achieve stable combustion. The emissions and heat release performance of the
new porous ceramics burner will be examined in a laboratory environment. Economic analysis of
the operation and related cost will be conducted and compared with the existing low NO, burners,
for example, the radiant surface burners made with ceramic fiber mats. It is expected that this
study will provide valuable information about the design and operation of porous radiant burners
and lead the way to prototype development and demonstration in a future effort.

Proposed Outcome:
e A porous ceramic burner will be fabricated with R-type thermocouples embedded at
the interfaces of different porosity ceramics. A radiance measurement system will
be constructed.

Anticipated Benefit:
e Potential to increase the efficiency and reduce the NO, emissions from boilers used for
power generation in California.

Project Status:

e Construction of bench-top burner and calibration — 80%.
Construction of radiance measurement system — 100%.
Measurement of burner emissions — 60%.

Measurement of radiant heat flux output — 100%.
Economic analysis — 0%.
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A Novel Integrated Doubly-Fed Electric Alternator/Active Filter (IDEA) for Wind
Power Applications

EISG Grant Number: 02-27

PIER Area: Renewables

Principal Investigator: Hamid Toliyat (979) 862-3032
Organization: Texas A&M University

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of integrating a low-cost active filter for
power factor correction into the power electronics that control Doubly-Fed Electric Alternators
used on state-of-the-art variable speed wind turbines.

The proposed technology will be tested on a 7.5 hp laboratory modeled wind turbine equipped
with the proposed IDEA. The advantages of the proposed approach are:
e Adjustable speed control of the wind turbine in order to capture maximum wind energy.
e Compensation of the harmonics in the grid and maintaining the total harmonic distortion
(THD) of the grid within the acceptable rang according to IEEE 519 standard.
e Improving the power factor and reactive power control and totally improving
power quality.
e The approach is rugged and can be adapted to low and medium voltage systems.
e The system can be controlled to simultaneously generate active green power, compensate
for the reactive power and harmonics generated by the nonlinear loads in an industrial,
agricultural, and water plant.

Proposed Outcome:
e A prototype system will be fabricated and tested as part of the project.

Anticipated Benefits:

e Potential to reduce the life cycle cost of power generated from adjustable speed wind
turbine systems by improving the power quality output from double-fed induction
generators, which provide the lowest cost power electronics solution.

e Potential to improve the grid power quality in locations that have grid tied wind turbines.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
¢ Final Report Draft Completed — Under Review.
e Feasibility Analysis Initiated.
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A PCM Slurry System to Decrease Peak Air Conditioning Loads

EISG Grant Number: 00-19

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Randy Clarksean
Organization: Leading Technology Designs, Inc.
Grant Amount: $73,457

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a phase change material
(PCM) mixture to be used in an air conditioning (A/C) unit to absorb peak A/C loads. The slurry
is a mixture of water, emulsifier and paraffin. The innovations pursued here are the development
of a high concentration PCM Slurry and the development of a low-cost system to absorb A/C
loads and to reject that energy to the earth. The project goal is to produce stable, high-volume
fraction PCM slurry and demonstrate that this slurry can be pumped through a heat exchanger
and stored.

Proposed Outcomes:
e Develop and demonstrate a PCM slurry mixture capable of absorbing 30% or greater of
the peak A/C load.
e Fabricate bench-scale PCM system and perform system tests.

Anticipated Benefits:
e A system capable of reducing A/C loads by 30% or more.
e A unit with a production cost range of $40-$160 per kilowatt for heating.

Project Status:
e 100% Completed.
e Completed on Schedule.
o Completed within Budget.
e Final Report Draft Completed.
e Feasibility Analysis Report — Under Review.
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Actively Controlled Jet Injection in Gas Turbine Engine

EISG Grant Number: 99-11

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Ann Karagozian (310) 825-5653
Organization: University of California, Los Angeles

Grant Amount: $74,899

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using actively controlled dilution air
jets that deliver pulsed air perpendicular to the intake air flow in the primary zone of a gas
turbine’s burner to rapidly produce a lean mixture. Dilution air jets are used in gas turbines for
temperature control and the reduction of nitrogen oxides (NOy) through air-fuel mixture ratio
control. This project builds upon prior work that modeled pulsed transverse jet flow, and will
develop control strategies based on simulations followed by experimental validation using a
bench-scale combustor.

Proposed Outcomes:
e Optimal open- and closed-loop control strategies for pulsed transverse dilution jets to
achieve maximum reduction of NO, emissions.
¢ Combustor design specifications for incorporating pulsed air jets, actuators and sensors.

Anticipated Benefit:
e Reduce NO, emissions in gas turbines 50% by maintaining a constant, lean air-
fuel mixture.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
e Final Report Draft Completed.
e Feasibility Analysis Report Draft — Under Review.
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Advanced Generation of H, and CO from Improved Methane-Carbon Dioxide-
Steam Reforming Process, for use as Fuel and Methanol, Gasoline Synthesis Gas

EISG Grant Number: 00-32

PIER Area: Energy Systems Integration
Principal Investigator: Zoe Ziaka (818) 893-4292
Organization: Zoe Ziaka

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using a catalysis reaction to convert
waste gas streams containing carbon dioxide (CO,) and methane to carbon monoxide and
hydrogen, of which the hydrogen could be used to power fuel cells. This technology will utilize
and upgrade methane streams that contain CO, such as landfill, sour and waste type gases. CO,
innovative abatement processes, especially within in-situ reactors via relevant reactions and
catalysis systems, are under increased consideration in current and future industrial efforts, and
are considered an additional benefit of this proposed work. This project will develop a new,
effective reforming and catalysis system that converts the above feedstocks and delivers purified
grade gas required for fuel cell applications.

Proposed Outcomes:
e Developed selective catalyst.
e Production of synthesis gas from reforming of secondary and waste hydrocarbon streams.
o Completed evaluation of the process for integration to turbines, fuel cells or
synthesis gas.

Anticipated Benefits:
e Increased production of Hydrogen.
e Projected energy savings in the range of 20-30%.
e Abatement of CO, mixtures, which lowers greenhouse gas emissions.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed.
Feasibility Analysis Report — Analysis in Progress.
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AGF Pasteurization Process Assessment, Orange County, CA

EISG Grant Number: 00-03

PIER Area: Renewables

Principal Investigator: Dennis Burke (360) 923-2000
Organization: Cyclus Envirosystems, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of a pilot plant using an anoxic gas
flotation pasteurization process to more efficiently convert organic materials such as agricultural
waste, sewage sludge, and manure into fuel gas and Class A residual solids. The innovative
process can use the heat recovered from power generation to increase the quantity of organic
material converted to gas while producing disinfected nutrient-rich residual. The capital and
operating costs of waste treatment and power generation is lowered while more gas is produced,
public health is protected, and disposal of residual solids is reduced.

The biochemical process is the anoxic gas flotation (AGF) pasteurization process that utilizes
high temperature waste heat from a turbine, microturbine, or engine generator set to increase the
rate and quantity of organic material converted to gas. A 40% improvement in solids converted
to gas has been shown at the laboratory bench scale. The AGF pasteurization process also
reduces both the amount of process energy required when compared to conventional or
thermophilic digestion processes, and the disposed quantity of the concentrated, nutrient rich,
residual product. The disinfected residual product can be given or sold to the general public,
locally, without restriction.

Proposed Outcomes:
o Pilot plant capable of processing 400 gpd of sewage sludge.
e  Optimized methodology for operating processing plant.
o Feasibility analysis based on pilot plant performance.

Anticipated Benefits:

Up to 40% increase in conversion rate of organic solids to biogas.

o Increase fuel gas production by 25%.

e Reduce solids processing costs by 60%.

e Produce a disinfected Class A residual product that does not require landfill disposal.

Project Status:

e Design— 100%.
Pilot Plant Construction — 100%.
Start-up and Initial Operation — 80%.
Monitoring and Analysis of Process — 50%.
Evaluation of Process Performance — 0%.
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Agripower-Renewable Generation

Agricultural Waste & Forest-Thinnings-To-Energy
EISG Grant Number: 01-10

PIER Area: Renewables

Principal Investigator: Harvey F. Brush (916) 261-2981
Organization: PMC Biomass, LLC

Grant Amount: $74,605

Status: Active

Project Description:
The purpose of this project is to research the feasibility of a new biomass combustion turbine that
uses an open Brayton Cycle and modular design called Agripower. This project will perform
component and system testing with particular emphasis on the fuel feed and fluidized bed
combustion control system. Farms and orchards generate nearly 8 million dry tons of agricultural
waste each year and use about 175 trillion British thermal unit’s (Btu) annually. These biomass
wastes represent some 120 trillion Btu’s that could take the place of natural gas in generating
process heat or electricity. Specific goals of the Agripower unit are to:

o Utilize in-woods waste as a fuel while reducing or eliminating transportation costs.

o Create energy (possible 120 trillion Btu’s annually just from farms and orchards) from

agricultural waste with relief of dependency on the grid for many agricultural industries.

Proposed Outcomes:
e A 200 kilowatt biomass powered prototype generator.
o Computerized control software.
o Feasibility analysis of fuel feed system based on performance of prototype system.

Anticipated Benefits:

e Provide a cost effective and environmentally friendly solution for converting a variety of
waste biomass feedstocks into electricity and heat. California produces about 9.8 Mil tons
of annual forest, mill and urban wood residue, which is the primary targeted feedstock.

e Projected cost (capital and operating) of power generation is $.06/kilowatt hour without
cogeneration. With cogeneration the cost can be further reduced.

Project Status:

e Fuel Feed System — 25%.
e Design and Program Instrumentation, Controller — 48%.
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An Innovative Approach to Stabilize the Thermal Conductivity of Air Plasma-
Sprayed Thermal Barrier Coatings

EISG Grant Number: 00-22

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Rodney Trice (765) 494-6405
Organization: Purdue University

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of increasing the overall efficiency of
land-based turbines via an innovative materials solution employing micro-structurally designed
thermal barrier coatings (TBCs). Sintering (i.e. densification of the coating) causes the thermal
conductivity of thermal barrier coatings to increase by as much as 100-150% during service,
greatly reducing the ability of the thermal coating to protect the underlying structure from
temperature extremes. For example, the thermal conductivity of an air plasma-sprayed coating
will increase from 1.2 W/m-K to 2.3 W/m-K after 50 hours exposure to 1200°C (2192°F) heat.
The end result of an increase in the thermal conductivity of the coating is that the gas turbine
must be operated at lower temperatures or more cooling must be provided for the hot
components. Either of these results decreases the efficiency of electricity production.

To inhibit sintering, the coating will be altered at the atomic level by changing the chemical
properties of the TBC via the addition of select dopants. The basic mechanism for inhibiting
sintering is based on the "Space Charge Theory." This theory predicts that added dopants will
tend to segregate to grain boundaries to keep the crystal electrically neutral. The effect of the
cations (positively charged ions) accumulating at the grain boundaries is to prohibit boundary
movement, a necessary condition to keep sintering from occurring. The result is that the
microstructure that gives rise to the low thermal conductivity is stable because sintering of the
coating is prohibited. The goal is a 100% reduction in the long-term thermal conductivity of these
microstructurally designed coatings.

Proposed Outcomes:

e Produce a thermal barrier coating capable of maintaining a thermal conductivity of 1.2
W/m- K over 500 hrs at 1400°C (2552° F).

e Produce colloidal suspensions of 1-mm diameter stabilized zirconia and dopants that can
be plasma sprayed without agglomeration.

e Optimize the plasma-spray parameters for each stabilized zirconia/dopant to satisfy the
following criteria: (a) a high degree of atomic mixing occurs, (b) 1 mm deposition rates
are observed, and (c) coatings contain less than 15% porosity.

e Reduce the amount of sintering that occurs in the coatings by reducing grain growth
by 100%.

Anticipated Benefits:
e Increase of combustion temperature by 50°C (122° F).
e Anincrease in efficiency of 3-4%.
e Increased reliability of the coating.
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Project Status:
e 100% Completed.
e Completed on Schedule.
o Completed within Budget.
e Final Report Submitted.
e Feasibility Analysis Report — Analysis in Progress.
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Application Feasibility Study of Gravitational Non-equilibrium Heat Pumps and
Heat Engines

EISG Grant Number: 00-21

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Thomas C.B. Smith (441) 223-2432
Organization: Thomas C.B. Smith

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a gravitational heat engine
(GHE) where the fundamental operating principle is entirely dependent on at least part of the
system never reaching equilibrium. The GHE is a Rankine cycle with one moving part. A
comprehensive understanding of GHE properties for the purposes of engineering applications
does not yet exist. This project will concentrate on investigating the feasibility of GHEs for
electricity generation as a cogenerative engine for extracting energy from any low-grade

heat source.

Proposed Outcomes:
e Construct functional prototype.
e Demonstrate system efficiency of between 2-10% converting solar energy
to electricity.
Heat engine fueled by solar and low temperature waste heat.
o Feasibility analysis based on performance of functional prototype.

Anticipated Benefits:
e Unit production cost range of $1500-$7500 per kW for electricity production.
e Unit production cost range of $40-$160 per kW for heating.

Project Status:

100% Completed.

Completed on Schedule.

Completed within Budget.

Final Report Draft Submitted — in Technical Review.
Feasibility Analysis Report — Analysis in Progress.
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Application of Stochastic Filtering and Control Methodology to the Optimization of
Wind Turbine Control Design

EISG Grant Number: 03-01

PIER Area: Renewables

Principal Investigator: A. V. Balakrishnan (310) 825-1594
Organization: University of California, Los Angeles
Grant Amount: $74,993

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of applying stochastic filtering and
control theories to the problem of improving energy production and mitigating transient fatigue
loads for large-scale wind turbines.

Proposed Outcome:
e A comprehensive nonlinear dynamical system model for large-scale wind turbines will be
developed and tested as part of the project.

Anticipated Benefits:
e Potential to reduce the cost of energy for wind-generated electricity by 3-5%.
e The proposed advanced optimal control algorithms have the potential to increase the
power captured and prolong the lifetime of wind turbines.

Project Status:
e Modeling and problem formulation — 100%.
e Develop stochastic control system design — 100%.
e Develop MATLAB simulation code — 80%.
e Experiment evaluation — 30%.
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Attic and Crawl Space Ventilation Air Heat Exchanger

EISG Grant Number: 99-24

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: G Brown (541) 346-5647
Organization: University of Oregon

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a low-cost air-to-air heat
exchanger capable of 50% or greater efficiency for use in residential and small commercial
buildings. Utilizing a heat exchanger to temper the air before conditioning it will result in reduced
building loads leading to down sizing of the HVAC equipment. It will also reduce energy
consumption and electrical demand. The primary problem of current heat exchangers is how to
reduce their cost so energy savings can pay back the initial cost of the heat exchanger in a short
period of time. One solution to this problem is to exploit underused areas in residential and small
commercial buildings — the crawl space or attic — to increase heat exchanger surface area and to
use thin film tubes to reduce cost. Existing heat exchangers concentrate on reducing overall size
while maintaining efficiency. Competitive heat exchangers are more expensive and include
finned-tube, plate, heat pipe, and enthalpy.

Proposed Outcomes:
e Two or more full-scale prototype air-to-air-heat exchanges.
e Hardware connection designs for conventional HVAC equipment.
o Feasibility assessment based on prototype performance testing.

Anticipated Benefits:
e Potential energy savings of 825 GWh/yr in California assuming only 10% and 1% market
penetration in the residential and commercial building sector respectively.
e Reduce the installed cost of air-to-air heat exchangers by up to 90%.
e Improve the indoor air quality in modern airtight residential housing by providing a cost
effective device for conditioning outside ventilation air.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
e Feasibility Analysis Report Completed.
e Feasibility Analysis Draft Completed — Under Review.
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Automating Window Sunshade Control: Toward the Zero Energy House

EISG Grant Number: 01-28

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Murray Milne (310) 454-7328
Organization: University of California, Los Angeles
Grant Amount: $74,685

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of a new kind of microprocessor
controlled thermostat that incorporates outdoor temperature sensors to control automated
sunshades that reduce the heat load on air conditioners in the summer. Developing this
microprocessor controlled thermostat to control the operation of shading elements on the building
envelope is an important step towards creating a Zero Energy Home.

Already on the market, especially in Europe, are various electrically-operable sun-control
devices. These include awnings that extend and retract, vertical exterior operable louvers, interior
operable draperies and venetian blinds. However, none of them has any type of intelligent
controller, similar to the microprocessor controlled thermostat developed in a previous EISG
project that could read outdoor temperatures and operate shading devices in order to optimize
indoor temperatures.

The project result will be the development of a new microprocessor controlled thermostat, a
computer program optimized for the best indoor air-temperature control, data demonstrating the
differences between interior or exterior shades, and recommendations regarding the best way to
install and control automated sun controls. An added goal will be to try to interest either a
thermostat manufacturer or an automated shade manufacturer into adding such a device to their
product line.

Proposed Outcome:
e A microprocessor controlled thermostat that can sense both indoor and outdoor
temperature will be built, programmed and tested as part of the project.

Anticipated Benefits:
e Potential to reduce residential air-conditioning costs by reducing the solar heat gained
through windows.
e May allow the shades to automatically adjust to weather changes without the need of
human interaction.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Submitted.
EISG Program Administrator’s Review of Final Report Draft in Process.
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Biofiltration Abatement of Landfill Gas Energy Exhaust Pollutants

EISG Grant Number: 01-01

PIER Area: Environmental Area

Principal Investigator: Don Augenstein (650) 856-2850
Organization: Don Augenstein

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of a biofiltration strategy to clean the
exhaust of an internal combustion engine running on landfill gas. Landfill solid waste will be
used as the primary contact medium in the biofiltration system. If this technique proves viable, as
expected, laboratory data will be extrapolated to full-scale system performance and costs.

Proposed Outcomes:
e Cost and performance projections will be made based on data obtained.
e Plan for full-scale testing if results from this project are encouraging.

Anticipated Benefit:
o Allow recovery of about 300-500MWe of landfill gas electric generation potential that is
now stalled in California due to excessive pollutants in energy equipment emissions.

Project Status:
e Assemble laboratory reactors — 100%.
Develop analytical techniques for exhaust pollutants of greatest concern — 100%.
e Examine abatement kinetics under various gas flow regimes and biofilter
characteristics — 90%.
e Estimate cost for application of full-scale biofiltration — 80%.
e Plan large-scale tests — 75%.
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Build and Test a 3 kW Prototype of a Co-Axial, Multi-Rotor Wind Turbine

EISG Grant Number: 02-18

PIER Area: Renewables

Principal Investigator: Douglas Spriggs Selsam (714) 992-5594
Organization: Selsam Innovations

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of a low-cost wind turbine design that
incorporates 7 rotors on a horizontal shaft. A 3 kilowatt prototype will be fabricated and tested as
part of the project. The new design, now proven in small models, combines the power of multiple
smaller rotors mounted to a single elongate driveshaft to give the same power as a single larger
rotor with less cost, weight, and complexity. This research will pave the way for more advanced
turbines utilizing this new co-axial, multi-rotor technology.

Proposed OQutcome:
e A 3 kilowatt prototype will be constructed and tested.

Anticipated Benefits:
e Potential to reduce the footprint of wind turbines while maintaining the same power
output, which would allow wind farms to increase their electrical output cost effectively.
e Potential to reduce the cost of wind turbine power by using rotors that are less costly to
buy and maintain.

Project Status:
e Build a 3 kilowatt multi-rotor, co-axial turbine — 100%.
e Preliminary testing — 100%.
e Revise prototype for long term testing — 90%.
e Perform long term (6 months) testing — 50%.
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Carbon Catalyzed Natural Gas Processing

EISG Grant Number: 02-21

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Steve Chu (612) 877-0765
Organization: Sunnyside Technologies, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of producing both carbon monoxide
(CO)-free hydrogen for PEM fuel cells and nanostructured carbon for carbon fuel cells through a
precisely controlled chemical processing of natural gas catalyzed by nanostructured carbon
resulting in four times the hydrogen gas (H,) yield of conventional thermal cracking process.
This technology eliminates the complex CO removal processes in conventional hydrogen
production such as steam reforming and gas shift reaction. Therefore it will increase the
hydrogen quality, reduce the production cost, and be more competitive.

Proposed Outcome:
e To correlate the relationship among the process parameters, carbon structures, catalytic
activities, and the electrochemical performance as fuel.

Anticipated Benefits:
e Potential to provide high quality hydrogen fuel and carbon fuel from natural gas without
the production of the greenhouse gas carbon dioxide (CO,).
e Potential to provide the correct type of carbon fuel for carbon fuel cells, which are
capable of energy efficiencies up to 80%.

Project Status:
e 100% Completed.
e Completed behind Schedule.
e Completed within Budget.
e Final Report Draft in Progress.
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Carbon Foam Based NO, Biofilter

EISG Grant Number: 00-04

PIER Area: Environmental Area

Principal Investigator: Daniel Chang (530) 752-2537
Organization: University of California, Davis

Grant Amount: $74,989

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using Ultramet carbon foam as a
packing material in a post combustion nitrogen oxides (NO,) biofilter to increase efficiency and
reduce capital cost. However, biofiltration to control NOy is difficult because of mass transfer rate
limitations. Newly engineered materials developed for other applications, e.g., Ultramet carbon
foam for catalyst supports, can be tailored to meet the needs of an inexpensive, light-weight,
inert, biofilter packing that provides a high specific surface area (surface-to-volume) to greatly
increase the mass transfer rate. University of California, Davis believes that the key to
economical biological treatment of NOy is to maximize the specific surface that can support the
necessary biofilm without clogging. The objective of this work is to conduct energy-related
environmental research that demonstrates the feasibility of developing a commercially viable
NO, biofilter.

Proposed Outcomes:
e Subscale prototype biofilters.
e Design parameters for system scale up.
o Feasibility analysis based on performance of prototype biofilters.

Anticipated Benefits:
e Reduce the cost of NO, removal by at least 50% to $0.40/1b-NOs.
e Provide cost effective means of lowering emissions from small-distributed
generation units.

Project Status:
e 100% Completed.
e Completed on Schedule.
o Completed within Budget.
e Final Report Draft Completed.
e Feasibility Analysis Report — Under Review.
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Closed Cycle Valved Cell Heat Engine

EISG Grant Number: 00-01

PIER Area: Renewables

Principal Investigator: Joseph Bland (916) 429-6252
Organization: Joseph Bland

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of fabricating a low-cost heat engine that
is capable of operating efficiently on low-temperature external heat sources. This project will
construct, test and analyze a proof-of-principle prototype of a closed-cycle valved cell engine
(VCE). The objectives of the project are to determine if it is technically and economically
feasible to fabricate the proposed engine design and to establish that the proposed design is
capable of operating effectively from external heat sources in the range of 500-800°F. The VCE
is targeted at low temperature heat sources because of its unique ability to deliver very high work
output per pound of working fluid (about 50% greater than that of a comparable Stirling engine).
The VCE can operate effectively and efficiently at these very low source temperatures. This
makes it an ideal heat engine for solar, geothermal and waste heat applications. The VCE's
power density also means it can tap efficiently into very small heat sources.

Proposed Outcomes:
e Prototype closed-cycle valved cell engine.
o Feasibility analysis based on prototype performance.

Anticipated Benefits:
e Low-cost heat engine design capable of generating 2-3 kilowatt from concentrated solar
or other low temperature sources.
e 0% higher work output per pound of working fluid compared to a Sterling engine.
e Low capital cost with 3-5 year pay back period.
e Zero emissions when operated from solar energy.

Project Status:
e 100% Completed.
e Completed on Schedule.
o Completed within Budget.
o Final Report Draft Completed.
e Feasibility Analysis Report — Under Review.
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Commercial and Residential Super Insulated Phase Change Material Water Heater

EISG Grant Number: 00-18

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Nick Wynne (937) 376-8233
Organization: Regents of the California State Universities
Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing an innovative electric water
heater that increases operating efficiency by incorporating vacuum insulation and phase change
materials. This will be accomplished by means of an innovative advanced technology water
heater design that uses the advantages provided by vacuum insulation panel (VIP) and phase
change material (PCM) technologies to reduce operating expenses and improve the efficiency of
maintaining heated water. Energy stored in heated water statically awaits demand throughout the
day and is frequently wasted due to stand-by losses.

The proposed water heater will be designed to optimize the storage of heat in a phase change
material (PCM) through which cold water passes to become heated. It will use VIP to retain the
heat in the PCM over a long period and be recharged (heated to change phase) during less
expensive, off-peak hours for electricity/natural gas. Such a heater will provide more efficient and
lower cost hot water. The operating cost will be reduced through off-peak energy savings,
reduced stand-by energy losses, and long life.

Proposed Outcomes:
e Full scale prototype hot water heater.
e Feasibility analysis based on performance of prototype system.

Anticipated Benefits:
o Increase the average water heater life from 7 years to 50 years.
o Increase water heater efficiency by 6% by reducing standby losses.
e Provide increased ability to shift energy consumption to off-peak hours.

Project Status:
e Review cost, availability, characteristics of PCM — 100%.
Review heat exchanger and submersible pump options — 90%.
Evaluate effectiveness of vacuum panel insulation — 90%.
Evaluate techniques for circular seals in Vacuum panel insulation — 100%.
Evaluate improved design, manufacturability of cylindrical vacuum panel
insulation — 100%.
Develop options for installing thermal breaks on water heater protrusions — 100%.
Benchmark PCM/Heat exchanger combinations — 20%.
Build prototype — 0%.
Test prototype — 0%.
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Construction and Testing of a High-Efficiency Solar Water Still

EISG Grant Number: 03-07

PIER Area: Industrial/ Ag/ Water

Principal Investigator: Paul LaViolette (703) 256-4887
Organization: The Starburst Foundation

Grant Amount: $74,998

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing a novel multi-effect solar
still design that is capable of cost effectively desalinating agricultural drainage water for reuse in
crop irrigation.

Proposed Outcome:
e A prototype will be fabricated and tested as part of the project.

Anticipated Benefits:

e Potential to provide significant power savings since the proposed technology consumes
only about 500-kilowatt hours per acre-foot of processed water, which is about 7 times
less power than reverse osmosis.

e Potential to desalinate drainage water with up to 10,000 total dissolved solids at a cost of
$490/AF, which is comparable to reverse osmosis, but with considerably less power
consumption and waste brine volume.

Project Status:
e Preparation: Fit up facility; Hire personnel; Procurement activity — 95%.
e Design/Prepare working sketch of prototype 10m?2 still. Fabricate polyethylene film
version of still — 100%.
Test polyethylene version of still; modify prototype if necessary — 90%.
Fabricate PFA canopy — 0%.
Test PFA canopy — 0%.
Economic Analysis — 0%.
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Controlling Fouling with Rice Straw Blends in Biomass Boilers

EISG Grant Number: 00-20

PIER Area: Renewables

Principal Investigator: Charles E. Lesher
Organization: University of California, Davis
Grant Amount: $73,858

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a test plan that will
determine the allowable additions of rice straw to wood-based fuels in order to minimize alkali
volatilization and thus to restrict fouling potential. The California biomass power industry is
facing increasing environmental and economic pressures to utilize herbaceous fuels, such as rice
straw. These fuels are expected to increase the potential for slag deposition and fouling of heat
exchangers that lead to a reduction in the efficiency of biomass power generation and to an
increase in operating costs. However, new experimental results show that the addition of rice
straw to conventional biomass fuel types can reduce alkali volatilization.

The test plan will determine the allowable additions of rice straw to wood-based fuels in order to
minimize alkali volatilization and thus restrict fouling potential. The fusion temperatures and
rates of potassium volatilization of slag formed from blends of rice straw and wood ashes will be
established. These data will be used to formulate predictive models for the high-temperature
fouling potential, the physical properties, and tenacity of slag deposits from fuel blends. From the
results, practical predictions regarding tolerable fuel blends and proposed new combustion
strategies utilizing unconventional and lower-cost blends of herbaceous and conventional wood
fuels will be proposed. These predictions will be tested in a fluidized bed combustor.

Proposed Outcomes:
e Quantify fouling potential of rice straw fuel blends.
e Determine optimal rice straw fuel blends for reducing fouling.
e Demonstrate that a minimum addition of 10% rice straw can be accomplished without a
proportional increase in fouling rate.

Anticipated Benefits:
e Increased fuel flexibility for fluidized bed combustor.
e Reduced maintenance costs.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed.
Feasibility Analysis Report Drafted — Under Review.

EISG Active Projects from Previous Years  Page 51



Volume 8 — Energy Innovations Small Grant

Demonstration of Energy Efficient Enhancement in Refrigeration Appliances by
Incorporation of Practical, Low Cost Thermal Energy Storage

EISG Grant Number: 02-24

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Timothy James (805) 252-7190
Organization: TES Technology, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of using a novel thermal energy
storage design to increase the energy efficiency of refrigeration and cooling appliances. Target
refrigeration appliances include domestic appliances (combination or stand alone refrigerators
and freezers), notoriously inefficient compact refrigerators (found in hotel rooms, dorm rooms,
home bars, etc and now being mass marketed by major retail chains), commercial vending and
display cases, domestic and small commercial air conditioning systems, etc. Thermal energy
storage (TES), when appropriately incorporated into refrigeration appliances, improves energy
efficiency by stabilizing the evaporation temperature and eliminating the inefficient low
temperature excursions typical of on/off modulated vapor-compression refrigeration systems.
Additional efficiency and other benefits include a narrower operating temperature range and more
stable storage temperatures and humidity levels. For vending and display cases, TES can provide
reserve capacity for peak cooling loads (e.g., chilling new warm product) thus eliminating the
need for a high capacity cooling system with compromised efficiency under steady-state
conditions. For small capacity A/C TES can provide stored capacity enabling peak load shifting
and interruptible or off-peak power utilization.

Proposed OQutcome:
e A prototype system will be fabricated and tested in two refrigerator models.

Anticipated Benefits:
e Potential to reduce residential energy consumption by 95 kWh/year (assumes
conventional refrigerators consume 475 kWh/yr and 20% efficiency improvement).
e Potential to save up to 160 GWh/year statewide in just residential refrigerators
(assumes 16 million units in California, 475 kWh/yr/unit, 10% market penetration, 20%
energy savings).

Project Status:
e 100% Completed.
o Completed behind Schedule.
e Completed within Budget.
o Final Report Draft in progress.
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Desiccant Enhanced Indirect/Direct Evaporative Cooling System

EISG Grant Number: 01-22

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: William A. Belding (530) 268-7397
Organization: Innovative Research Enterprises

Grant Amount: $74,900

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of a new air conditioning design that
incorporates indirect/direct evaporative cooling and dehumidification with gas regeneration. The
proposed indirect/direct system employs desiccant components within the indirect cooling stage,
thus simultaneously dehumidifying and cooling the process air. With the proposed technology a
single component will perform at improved efficiency the functions now performed by a
desiccant dehumidifier and a heat exchanger. Having improved performance over existing
techniques, the system can be used as a total cooling solution for western climates and eliminate
the need for conventional vapor compression systems.

Proposed Outcome:
e A prototype heat exchanger will be built and tested as part of the project.

Anticipated Benefits:
e System design capable of SEER rating greater than 30 as opposed to traditional vapor
compression units, which have a SEER of 10-16.
e Potential to shift some of the peak electrical load used for alternating current (AC) to
natural gas.
e May increase comfort and indoor air quality by supplying up to 100% outdoor air to the
conditioned space.

Project Status:
e 100% Complete.
Completed on Schedule.
Completed within Budget.
Final Report Draft Submitted.
Feasibility Analysis Report — Analysis in Progress.
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Detecting Optimal Fan Pressure

EISG Grant Number: 02-03

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Clifford Federspiel (510) 418-3392
Organization: Federspiel Controls

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using a new algorithm for more
accurately determining the optimal pressure at which to operate variable air volume (VAV) air-
handling systems. This project will involve the testing and demonstration of a new method of
detecting the optimal pressure at which to operate variable air volume (VAV) air-handling
systems. The ability to detect this pressure will enable VAV systems to use less energy during
both on-peak and off-peak periods.

Proposed Outcome:
o A test stand will be fabricated. The test stand will include a computer-based data
acquisition system, a supply airflow station and a supply duct pressure sensor.

Anticipated Benefits:

o The proposed algorithm has the potential to enable a reduction in source energy
consumption in California of .018 quads. The reduction corresponds to an annual
cost savings of $171 million and a reduction in carbon emission of 0.27 million metric
tons per year.

e Potential to reduce electrical consumption during peak electrical demand periods.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed — in Technical Review.
Feasibility Analysis Report — Analysis in Progress.

EISG Active Projects from Previous Years  Page 54



Volume 8 — Energy Innovations Small Grant

Development of a Borehole Seismic Receiver Array for Geothermal Wells

EISG Grant Number: 99-37

PIER Area: Renewables

Principal Investigator: Bjorn Paulsson (562) 694-9598
Organization: Paulsson Geophysical Services

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a borehole seismic receiver
array for geothermal wells capable of operating in a temperature range of 200 to 250°C. Existing
short- and low-temperature arrays severely limit the use of borehole seismology in geothermal
energy exploration. This project will address this shortcoming by developing a much larger
seismic receiver array that can operate at much higher temperatures.

This technology will make it possible to routinely map high permeability zones and monitor
production in fractured geothermal reservoirs with a resolution in the range of 3 to 6 ft (1 —2 m)
using 3D Vertical Seismic Profile (VSP), passive seismic monitoring and cross-well seismic
techniques. Three component arrays allow recording of both P and S wave data that together
provide information on the location, the size and the preferred direction of fractures and
fracture zones in the reservoir. The fracture information is the key information that will help
determine the directional permeability of the reservoir and how to economically produce its
geothermal resources.

Proposed Outcomes:
e (Cable design capable of withstanding operational temperatures of 200 to 250°C.
e A prototype five-level high-temperature borehole seismic-receiver array.
e Feasibility assessment based on prototype performance testing in a field setting.

Anticipated Benefits:
e Ability to record P and S wave data that enable the mapping of fracture zones in
high-temperature geothermal reservoirs.
e Enable more efficient management of existing geothermal reservoirs.
e Reduce the number of wells needed to develop a geothermal resource.
e Allow economic development of lower temperature and lower permeability
geothermal fields.

Project Status:
e Project Terminated.
e Project Completed - 25%.
e Final Report Submitted.
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Development of a Modular Scroll-Turbine-Based Organic-Ranking Cycle (ORC)

EISG Grant Number: 03-06

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Malick Kane (510) 486-7380
Organization: EnefTech Corporation

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing a 5 kilowatt micro-power
generation system based on the organic-Rankine cycle that incorporates a two-stage scroll turbine
to reduce cost.

Proposed Outcome:
e A prototype system will be fabricated and tested as part of the project.

Anticipated Benefits:
e The proposed technology could help to satisfy the need for small distributed power
generation systems that can operate on waste heat and a variety of renewable heat sources
(solar, biomass combustion, landfill gas, etc.).
e Potential to produce electricity at less than 5 cents per kilowatt hour, which is
competitive with other generation technologies.

Project Status:
e 100% Completed.
Completed on Schedule.

[ )
e Completed within Budget.
o Final Report Draft in progress.
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Development of an Effective Fire-Shield for Powerpoles by Custom Tailoring a
Mineral Polymer Material

EISG Grant Number: 01-13

PIER Area: Energy Systems Integration

Principal Investigator: Clem Hiel (626) 351-2082
Organization: Composite Support & Solutions, Inc.
Grant Amount: $74,510

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a low-cost fire shield for
power poles made out of a newly developed mineral polymer material and glass fibers. A pole
Fire-Shield is simply a protective sleeve applied around a wood pole starting at ground level and
extending up to about three times the height of the surrounding brush. These pole fire shields are
of vital importance to California utilities because they effectively increase the survivability of
transmission and distribution poles during raging brushfires. Electrical utility experience
substantiates that fires consume unshielded poles in a few minutes. This creates an important
energy delivery problem in the form of extended outages suffered by California consumers as the
effort to replace poles typically takes one to several weeks to complete.

BlazeBarrier, Inc. will create a novel Fire-Shield based on its newly developed Inorganic Mineral
Polymer (MIP) that is non alkaline. This Mineral Polymer is made at room temperature using a
two-phase system that develops into a durable three-dimensional network structure. The fact that
the material is made at room temperature contributes to its lower cost, energy efficiency, and
environmental benefits.

The basic MIP material has the one disadvantage that cracks readily propagate because the
material has no inherent crack arresting mechanism to stop a crack once it has started.
BlazeBarrier’s research proposes to solve this problem by creating a composite material that
consists of glass fibers distributed throughout the MIP material. This custom tailored material will
blend the excellent fire barrier properties of the Mineral Polymer with the toughness properties
needed for it to function as a pole Fire-Shield.

Proposed Outcomes:
e Prototype test samples of new fire-shield material.
e A comprehensive mathematical model.
o Feasibility analysis based on the performance of the prototype material.

Anticipated Benefits:

e Potential low-cost alternative to the current expensive and less-effective pole shields
that are being used in place of the asbestos shields that are being removed for
environmental reasons.

e Potential to increase grid reliability by reducing outages caused by fires near
transmission lines.

Project Status:
e 100% Complete.
Completed on Schedule.
Completed within Budget.
Final Report Draft Submitted.
Feasibility Analysis Report — Analysis in Progress.
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Development of Low Cost High Efficiency Heterojunction Organic Solar Cell Using
Inkjet and Screen Printing Techniques

EISG Grant Number: 03-04

PIER Area: Renewables

Principal Investigator: Ghassan Jabbour (520) 626-8324
Organization: University of Arizona

Grant Amount: $75,000

Status: Active

Project Description:
The purpose of this project is to determine the feasibility of using the combination of inkjet and
screen-printing technologies to fabricate low-cost organic solar cells.

Proposed Outcome:
e An all printed organic solar cell having efficiency greater than 4% will be fabricated and
tested as part of the project.

Anticipated Benefits:
e Addresses the need for low-cost flexible thin-film solar cells with higher efficiency that
would open up additional market applications for photovoltaic (PV) power generation.
e Potential to reduce the cost per kilowatt hour from organ solar cell systems by using low-
cost fabrication technologies.

Project Status:

e Inkjet printing of the polymeric electrode into micro-lens array shape: Design electrode
structure — 100%.

e Fabricate a prototype solar cell in which the polymeric electrode is inkjet printed onto
a flexible plastic substrate, the organic active layer is screen-printed on the polymeric
electrode and the metallic electrode is vacuum deposited on the organic active
layer — 0%.

e Fabricate a prototype solar cell in which the polymeric electrode is inkjet printed onto a
flexible plastic substrate, the organic active layer is screen-printed on the polymeric
electrode and the metallic electrode is screen-printed on the organic active layer — 0%.
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Development of Magnesium Diboride-Based Superconductor/Metal Matrix
Composite Wire for use in Superconducting Transformers

EISG Grant Number: 03-03

PIER Area: Energy Systems Integration

Principal Investigator: Matthew Holcomb (310) 567-6397
Organization: Nove Technologies

Grant Amount: $72,060

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing a robust high-current
magnesium diboride based superconductor/metal matrix composite wire and tape for use in
superconducting transformers operating at temperatures in excess of 20K.

Proposed Outcome:
e Short and long (>10m) sections of wire will be developed and tested as part of
the project.

Anticipated Benefits:
e Potential to reduce grid transformer losses by 40%.
e Potential to save 3,400GWh/year (valued at $27 million at 8 cents per kWh) by 2010
given a 10% market penetration.
e The proposed technology could reduce load loss by nearly a factor of two by the direct
replacement of small to medium power-range (10-100 megavolt ampere (MVA))
conventional transformers with superconducting transformers operating at 25K.

Project Status:
o Synthesize high purity MgB2 powder with enhanced surface area — 80%.
e Incorporate MgB2 SMMC™ into in-house PIT fabrication process — 20%.
e Reconfigure in-house critical current measuring apparatus to accommodate 10cm length
wire in an external magnetic field and 10m length wire in self-field — 80%.
e Reconfigure in-house critical current measuring apparatus with a rapid thermal cycling
attachment — 0%.
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Development of Single Fan Multi-Stack Exhaust Systems

EISG Grant Number: 01-27

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Mingsheng Liu (402) 554-2173
Organization: University of Nebraska

Grant Amount: $74,805

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of a single-fan multi-stack laboratory
exhaust system that reduces annual fan energy use by 50%. California is the national and world
leader for the development of high-level research technologies and consequently has large
numbers of research and high-tech facilities in university campuses, government buildings, and
industry plants. In these research facilities, exhaust fans run 24 hours-a-day 365 days-a-year to
exhaust toxic air from the laboratories to the outside. The exhaust fans consume considerable
electricity and contribute significantly to peak demand. This research will develop a single fan
multi-stack system that will reduce exhaust fan annual energy consumption significantly.

Proposed Outcome:
e A prototype system will be fabricated and tested.

Anticipated Benefits:
e Potential to save on average 50% of the fan energy consumed by conventional laboratory
exhaust systems.
e Retrofit payback period of only four years.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
e Final Report Draft Submitted.
e EISG Program Administrator’s Review of Final Report Draft in Process.
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Development of Universal Software for Dissolved Oxygen Control in the Activated
Sludge Process

EISG Grant Number: 02-22

PIER Area: Industrial/ Ag/ Water

Principal Investigator: Alex Ekster (510) 657-7066
Organization: Ekster & Associates

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of developing control software capable
of reliably regulating dissolved oxygen levels in the activated sludge process at wastewater
treatment plants by quickly detecting hardware malfunctions that impact dissolved oxygen (DO)
levels. Prototype DO control software will be tested at the 32 million gallon a day wastewater
treatment plant located in Oxnard, California.

Proposed OQutcome:
e Prototype control software will be developed and field-tested in a wastewater
treatment plant.

Anticipated Benefits:

e Potential to reduce California energy consumption at wastewater treatment plants by
5-10%. If you assume only a 5% reduction in energy in 80 large treatment plants the
energy savings would be approximately 49 GWh/year. There are about 800 treatment
plants in California.

e Potential to reduce the number of accidental releases of improperly treated wastewater
from treatment plants that seek to save energy by optimizing dissolved oxygen levels.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed — Under Review.
Feasibility Analysis Report — Initiated.
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Distributed Generation Drivetrain for Windpower Application

EISG Grant Number: 00-11

PIER Area: Renewables

Principal Investigator: Geoff Deane (805) 899-9199
Organization: Dehlsen Associates, LLC

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of an innovative drivetrain design for
large-scale wind turbines. As wind turbines have grown, rates of revolution have decreased while
power has increased thus increasing the torque seen on the turbines' gearboxes. Because of this
detrimental scaling effect, as turbines have grown into the megawatt range, gearboxes now
comprise increasing percentages of the total capital and lifetime costs, limiting the potential to
reduce energy costs. Increasing failures of the larger gearboxes have resulted in the most
substantial financial loss to the industry in recent years posing a serious concern for the industry
as a whole. Dehlsen Associates has developed and engineered a new gearbox concept that
addresses this high-torque low-rotational speed stumbling block.

This proposal outlines a project to demonstrate a 200 kilowatt prototype distributed generation
drivetrain (DGD) and to develop the associated controller. The prototype is designed to
eventually be installed on a wind turbine, but for the scope of this work will be tested on a
dynamometer. Detailed real-time data will be acquired during the tests to quantify dynamic
behavior, efficiency, load balance, and the success of the control strategy. Results of this study
will lend insight into the development of a commercial-scale DGD system.

Proposed Outcomes:
e Prototype drivetrain for 200 kilowatt wind turbine.
e Prototype controller.
e Feasibility analysis based on performance of prototype controller and drivetrain.

Anticipated Benefits:
e Reduce the capital cost of installation of large wind turbines by 7%.
e Reduce lifecycle maintenance costs by 30%.
e Reduce the cost of power generation from 3.88 to 3.46 cents per kilowatt hour.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Draft Final Report Completed.
Feasibility Analysis Draft Completed — Under Review.
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Dry Steam Scrubbing for Impurity Removal from Geothermal Steam

EISG Grant Number: 02-13

PIER Area: Renewables

Principal Investigator: Paul Hirtz (707) 575-1310
Organization: Thermochem, Inc.

Grant Amount: $74,940

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a steam scrubbing
technology that effectively removes and/or treats corrosive hydrogen chloride (HCI) in
geothermal steam without superheat quenching or steam condensation so that the maximum
amount of mass and energy can be retained for power generation. This pilot-plant study will test
a hybrid calcite bed and amine treatment Dry Steam Scrubbing (DSS) process, and provide the
information needed to determine if the process is technically and economically feasible for full-
scale implementation.

Proposed Outcome:

e An existing pilot-plant facility for use in testing will be upgraded. This will involve
design of bed configurations, a new containment vessel, water-wash regeneration system,
corrosion monitoring system, plus fabrication and installation of new equipment. An
optimized calcite bed configuration will be developed.

Anticipated Benefits:

e Potential to produce total heat savings of 40 British thermal units per pound (Btu/lb)
steam, equal to 4.7 megawatts (MW) of gross heat energy or about 1.5 MW electrical
power for a 20 MW plant.

e Potential to provide a 3% to 5% improvement in geothermal generation efficiency.

Project Status:
e 100% Completed.
Completed behind Schedule.
Completed within Budget.
Final Report Draft Completed — in Technical Review.
Feasibility Analysis Report — Analysis in Progress.
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Emission Monitoring of Nitric Oxide with a Mid-IR Solid State Laser

EISG Grant Number: 02-20

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Robert Cattolica (858) 534-2433
Organization: University of California, San Diego

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to determine the detection limits for nitric oxide at combustion
exhaust conditions using a mid-infrared solid-state laser. The ultimate goal of this research is to
determine the feasibility of replacing traditional nitric oxide emission monitoring with a
chemiluminescence analyzer (technology that is more than 40 years old) with new solid-state
laser technology. This new laser technology, in addition to the potential for improved detection
limits, can be multiplexed to provide measurements at multiple locations and by using other
wavelengths access other species of interest: nitrogen dioxide (NO,), carbon monoxide (CO),
carbon dioxide (CO,), Ammonia (NHj3), etc.

Proposed Outcome:
e An operational one-meter long combustion exhaust simulator will be constructed. A
prototype mid-IR laser will be fabricated and tested in the combustion exhaust simulator.

Anticipated Benefits:

e In the near future, the mandated nitrogen oxides (NOy) emission levels for gas turbines
used for power generation will be so low that current NO, measurement technologies will
not be able to measure the emission levels accurately. This proposed technology has the
potential to provide measurement accuracy sufficient to measure mandated levels well
into the future.

e If successful, the proposed technology has the potential to accurately measure low levels
of a wide variety of emission species further facilitating the setting and verification of
various harmful emissions.

Project Status:

e Design of hardware and order material — 100%.
Design and order gas control and temperature monitoring — 100%.
Develop software to operate combustion simulator — 95%.
Assemble and test combustion exhaust simulator — 95%.
Model IR Absorption Spectra of Nitric Oxide — 50%.
Design integration of exhaust simulator with PSI, Inc. — 100%.
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End-Use Efficient, Environmentally Friendly Water Softening Device

EISG Grant Number: 03-05

PIER Area: Industrial/ Ag/ Water

Principal Investigator: Nissen A. Jaffe (650) 961-1341
Organization: Material Methods, LLC

Grant Amount: $74,996

Status: Active

Project Description:

The purpose of this project is to determine the feasibility of using an advanced Flow Through
Capacitor in conjunction with new Ionic Charge Barriers to effectively soften tap water with low
energy consumption.

Proposed Outcome:
e Flow Through Capacitor prototypes will be fabricated and tested as part of the project.

Anticipated Benefits:

e Potential to more effectively remove salts and other common contaminants, such as
arsenic, perchlorate, permanganate, chromium, as well as other water-soluble heavy
metal ions.

e Potential to reduce wastewater generation by 80% over reverse osmosis (RO) systems.

e Potential to reduce California energy consumption at wastewater treatment plants.

e Potential to operate at 60% of the energy usage compared to current state-of-the-art
technology like RO.

Project Status:
e System design and fabrication — 100%.
e Evaluate rejection efficiency — 100%.
o Evaluate energy usage — 100%.
e Competitive comparison — 20%.
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Energy Efficient Municipal and Industrial Odor-Control Equipment Study

EISG Grant Number: 01-09

PIER Area: Industrial/ Ag/ Water

Principal Investigator: Bob Richardson (530) 474-4819
Organization: Pacific Rim Design & Development, Inc.
Grant Amount: $74,982

Status: Active

Project Description:

The purpose of this project is to research the feasibility of a new energy efficient process for
eliminating odors at wastewater treatment facilities. The proposed process reduces the amount of
energy used by blowers and compressors. Consulting engineering firms across the country have
been and are still specifying wet scrubbers and carbon absorbers more frequently than any other
waste-water treatment and odor-control technology. Because this generation-old (30 years)
technology employs large motors and is continuously operated in most facilities, it is a prime
subject for energy-efficient design revision.

The older technology generally used larger amounts of electrical energy for two reasons. First
because the motors used to drive blowers, pumps and other devices were less efficient than
similarly sized motors built today. Second because the odor control equipment used oxidants

that were less reactive than those used in this new technology. The oxidation of an odorous
compound requires a specific amount of energy and the energy can be obtained from the chemical
properties of the oxidant or from the mechanical environment in which the reaction occurs. In a
reaction where the chemical oxidant itself is strong the reaction occurs readily with minimal
“mechanical” assistance in the form of increased pressure, temperature, or other aids in the
reaction environment.

In this pilot study we used hydroxyl radicals as oxidants which are significantly stronger than the
hypochlorite ions used in conventional scrubbers, so we were able to oxidize the odorous
compounds without the need for the additional electrical energy required to power larger pumps
or compressors that were needed in the older odor control technology. The new odor control
technology simply mixed the stronger oxidant into the foul air stream with low-pressure nozzles.

Proposed Outcomes:
e A pilot scale odor control plant will be installed at a Pacific Rim test site.
o Feasibility analysis based on the performance of the pilot plant.
e Procedures for safe operation of the new equipment in the wastewater treatment
plant environment.

Anticipated Benefits:
e Reduce by 40% the amount of electrical energy used in odor control equipment.
e Improve odor removal efficiency over conventional equipment.
e Elimination of the large scrubber vessel saving the cost of the vessel, the cost of
maintenance of the vessel and recovering the space that such large vessels occupy.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
¢ Final Report Draft Completed — in Technical Review.
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Energy Production from Bulk Wastewater

EISG Grant Number: 99-36

PIER Area: Renewables

Principal Investigator: Eric McFarland (805) 893-4343
Organization: University of California, Santa Barbara
Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of producing wastewater microorganisms
capable of efficient biosynthesis of hydrogen gas. The most promising microorganisms will be
cultured and tested in a prototype sub-scale anaerobic digester. Anaerobic digesters have no free
oxygen. Anaerobes get oxygen by the decomposition of compounds containing it. The technical
objective of this project is to develop a means for the efficient, economic, biosynthesis of
hydrogen gas (H,) in wastewater anaerobic digesters for use as an environmentally clean fuel.
Though scheduled first for automobile use, future electricity generation systems will increasingly
use hydrogen if a cost-effective source of hydrogen gas becomes available. While hydrogen can
be produced by reformation, decomposition, or electrolysis, these methods are relatively energy
intensive or utilize non-renewable resources. An attractive alternative for H, production has been
biosynthesis, however, to date the practical realization of bulk hydrogen synthesis from living
organisms has not been achieved.

Proposed Outcomes:
e Combinatorial methodology for screening microorganisms capable of optimal
H, production.
e Prototype bench top digester/bioreactor.
o Feasibility analysis based on performance testing of selected microorganisms in
prototype bioreactor.

Anticipated Benefits:
e Demonstrate the effectiveness of combinatorial methodology in the screening of
numerous genetically diverse mutant microorganisms for optimal H, production.
e Increase H, production from wastewater anaerobic digesters to a level that makes power
generation commercially viable.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
e Final Report Draft Completed.
e Feasibility Analysis Report Drafted — Under Review.
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Fault Location Techniques for Distributing Feeders Containing
Distributed Generation

EISG Grant Number: 02-04

PIER Area: Energy Systems Integration

Principal Investigator: Adly Girgis (864) 656-5936
Organization: Clemson University

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of a computational strategy for
determining the fault location in a transmission network containing distributed generation
resources. The proposed strategy will be based on an analysis of the voltage and current
waveforms on the three phase lines at various points in the distribution network.

Introducing distributed generation changes the power flow in distribution systems from a
traditionally unidirectional to multi-directional power flow. Thus, there is a need to develop a
new method for fault location. Locating faults in a distribution feeder is essential to speed the
restoration of service and minimize the outage time of the distribution feeder. The proposed
method considers the following factors:
1) The distribution feeder may contain single-phase loads, two-phase loads and three-phase
loads so system unbalance should be considered.
2) The feeder may include any number of distributed generators of different types along
the feeder.
3) Data at the distributed generators may or may not be communicated to the
substation computer.

The new fault location method to be developed will be based on the three-phase components of
the transmission line. The method can be used for balanced or unbalanced systems and will be
based on the phasor quantities of the voltage and current waveforms at the substation.

Proposed Outcome:

e Two algorithms will be developed and utilized. First, an algorithm for calculating the
voltage and current phasor quantities needed for the fault location algorithm using
three-phase fault analysis will be developed. Second, a signal-processing algorithm,
such as DFT and Kalman filtering, will be developed in order to obtain the phasor
quantities when the voltage and current waveforms are obtained from EMTDC
software simulations.

Anticipated Benefit:
e Potential to provide California utilities with the ability to incorporate Distributed
Generation (DG) into their distribution systems while maintaining the current level of
system reliability.
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Project Status:
e 100% Completed.
Completed behind Schedule.
Completed within Budget.
Final Report Draft Completed — under Review.
Feasibility Analysis Report — Initiated.
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Feasibility of a Hydrogen Blower Design for Fuel Cell Recirculation Applications

EISG Grant Number: 02-19

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: J. Patrick Sterchi (760) 788-7699
Organization: H2Systems, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to demonstrate the feasibility of using a unique blower design for
recirculation of anode tail-gas in a hydrogen-fueled fuel cell system application. The net result of
effective recirculation in a hydrogen fuel cell is a reduction in the amount of platinum catalyst
that must be used in production. Significant savings in the cost of each fuel cell unit is the result
since platinum is very expensive. A fuel cell with proper recirculation could cut material costs by
as much as 30%. This would result in an estimated savings of $0.003/kWh over the life of the
power plant.

Proposed Outcome:
e A 7cm blower prototype will be constructed. Experimental data will be used to produce a
blower performance curve based showing flow rate, pressure rise and power consumption
for several operating points.

Anticipated Benefits:
e Potential to produce a system with a low-volume production cost of $250 to $300
per unit.

e Potential to produce a hydrogen blower design that will meet the recirculation needs of a
1-10kW fuel cell power plant.

e Potential to provide a 25-30% direct savings on the fuel cell material platinum catalyst
that must be used in production. This may result in significant savings in the production
of fuel cell units since platinum is very expensive.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
¢ Final Report Draft Completed.
e Feasibility Analysis Report — Analysis in Progress.
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Field Feasibility Determination of a Novel Energy-Saving Refrigeration Controller

EISG Grant Number: 01-12

PIER Area: Buildings End-Use Energy Efficiency
Principal Investigator: Patrick D. French (303) 792-5615
Organization: ADA Technologies, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a frost sensor
microcontroller and special algorithm to fine-tune the defrost cycle for industrial/commercial
refrigerators by activating and terminating defrost cycles only when frost appears on the
evaporation coil. ADA Technologies, Inc. will perform a field evaluation of this novel device and
determine the actual energy savings under real-world conditions. For this project, the prototype
controllers will be installed in operating commercial refrigeration systems in California to
quantify and document the actual energy savings and the associated improvement in temperature
regulation. The stage will be set for cost/benefit calculations by determining the actual energy
savings of demand defrost under real-world conditions.

Proposed Outcomes:
e Prototype frost sensor microcontrollers for use in field tests.
e A model to predict energy savings.
e Modified firmware that includes additional alarm conditions.
o Feasibility analysis based on the performance of the prototype system.

Anticipated Benefits:
e The proposed demand defrost system has the potential to reduce refrigerator energy
consumption from 6-15% by reducing the number and length of defrost cycles.
o This has the potential to save .034 quads of electrical energy from commercial
refrigeration in the U.S. based on the following assumptions (.6304 quads consumed in
this category, 11% improved efficiency, and 50% market penetration).

Project Status:
e Prepare Equipment for Field Testing — 100%.
e Prepare for Field Test — 100%.
e Collect, Process and Analyze Data — 75%.
e Develop Energy Savings Calculator — 0%.
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Field Validation of a Model of Generation and Migration of Methane and Other
Gases in Landfills

EISG Grant Number: 00-26

PIER Area: Renewables

Principal Investigator: Richard Prosser (714) 632-9969
Organization: GC Environmental, Inc.

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of field testing a simulator that will allow
the user to predict and monitor the behavior of landfills. The municipal solid waste (MSW) that is
deposited in landfills undergoes anaerobic decomposition and produces a gaseous mixture called
landfill gas (LFG), which consists mostly of methane and carbon dioxide (and some smaller
amounts of oxygen and nitrogen) together with trace amounts of a number of volatile compounds
(VOC). A typical landfill produces about 4-5 million standard cubic feet per day of LFG with
larger landfills producing upwards of 50 million SCFD. Understanding how landfill gas is
generated and migrates within landfills is of paramount importance to improve the collection
efficiency of LFG without poisoning LFG generation by pulling air into the waste.

The use of LFG for generating electricity is a promising approach both in terms of conserving
energy and also for reducing air pollution while producing electricity since the VOC in LFG are
burned in the combustion chamber. LFG has the potential of becoming an abundant and stable
renewable source of energy for California and the nation. The challenge that exists is to collect all
the gas that is produced in the landfills, and not allow it to be inadvertently lost to the atmosphere
as fugitive emissions. This project will help optimize landfill gas collection and utilization
systems for energy production.

Proposed Outcomes:

e Develop a validated simulator that can predict the rate of gas generation and migration,
flow of the leachates, pressure build-up in the landfill and the composition of the gas and
air on top surface of the landfill and in the surrounding soil.

e Help increase the understanding of dynamic subsurface behavior in relation to
environmental and physical process changes.

Anticipated Benefits:
e Reduce landfill gas emissions, which will decrease air pollution and increase LFG power
plant generating potential.
e Increase the captured amount of useful landfill gas for power generation.
e Reduce landfill gas power plant costs by increasing efficiency.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed.
Feasibility Analysis Report Drafted — Under Review.
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Flexible Low Emissions Combustor for Renewable Fuels

EISG Grant Number: 01-16

PIER Area: Renewables

Principal Investigator: John T. Kelly (408) 982-2302
Organization: Altex Technologies Corporation
Grant Amount: $74,959

Status: Active

Project Description:

The purpose of this project is to research the feasibility of developing a flexible low-emissions
combustor (FLEC) for renewable fuels that are poorly formed, inconsistently sized and contain
high moisture. FLEC uses special features to handle inconsistently sized and high moisture
wastes. In addition, an aggressive ash handling method is utilized to avoid deposition on heat
transfer surfaces and passages, and positively remove ash from the system. With FLEC, nearly all
plant wastes can be converted into energy at a cost that will be close to that of converting fossil
fuels and will further the use of plant wastes for power generation, while helping reduce the air
pollution associated with electricity generated using fossil fuels.

Proposed Outcomes:
e A prototype test FLEC.
¢ Feasibility analysis based on performance and economic evaluation of prototype.

Anticipated Benefits:
e Provide a cost effective and environmentally clean solution to converting low-value
biomass materials to useful electrical energy.
e Reduce the cost of biomass combustion by 30% relative to grate based and fluidized
bed systems.

Project Status:
e 100% Completed.
Completed on Schedule.
Completed within Budget.
Final Report Draft Completed.
Feasibility Analysis Draft Completed — Under Review.
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Flywheel Energy Storage Units in Power Distribution Networks

EISG Grant Number: 01-02

PIER Area: Energy Systems Integration

Principal Investigator: John Balachandra (916) 278-7347
Organization: ELCOM

Grant Amount: $74,888

Status: Active

Project Description:

The purpose of this project is to research the feasibility of incorporating flywheel energy storage
units into power distribution systems to maintain power quality and voltage stabilization. A 2 kW
Dynamic Rotary Uninterruptible Power Supply (DRUPS) flywheel system will be incorporated
into a micro-power distribution system with a variety of loads attached to different buses. Power
quality anomalies will be introduced into the system to determine the ability of the DRUPS to
maintain system integrity, reliability, efficiency, voltage stability and power quality.

The actual testing of the system would be preceded by computer simulations of the DRUPS and
the dynamics compared with the actual test results.

Proposed Outcomes:
o Assemble a micro power distribution system with a 2 kW Flywheel Energy Storage Unit
integrated into the system.
e Determine the ability of the Energy Storage unit to maintain power quality within a micro
power distribution system.

Anticipated Benefits:
e A capability to respond to and mitigate power distribution system voltage variations of
greater than 15% plus or minus within 150 milliseconds.
e A capability to respond to voltage perturbations on the supply side by carrying the load
for a period greater than 15 seconds.

Project Status:
e 100% Completed.
e Completed on Schedule.
e Completed within Budget.
¢ Final Report Draft Completed.
e Feasibility Analysis Report Drafted — Under Review.
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Flywheel System for Bulk Energy Storage

EISG Grant Number: 03-02

PIER Area: Energy Systems Integration

Principal Investigator: Christopher Gabrys (775) 853-4651
Organization: Cobalt Energy

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of using a new-technology flywheel
system concept for providing low-cost bulk energy storage that can improve the reliability and
dispatchability of renewable electricity generation.

Proposed Outcome:
e A subscale flywheel system will be fabricated and tested as part of the project.

Anticipated Benefits:
e Potential to provide energy storage at a cost of $2/Wh capacity by increasing cycle life to
100,000 and achieving 95% efficiency.

e Potential to reduce the cost of energy storage by 80% over storage batteries.

Project Status:
e Send out drawings for part fabrication — 100%.
e Assemble flywheel system — 100%.
o Test flywheel system — 20%.
e Perform an economic analysis — 0%.
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Geothermal Reclaimed Water Turbine

EISG Grant Number: 02-15

PIER Area: Renewables

Principal Investigator: Doug Jung (707) 523-4585
Organization: Two-Phase Engineering and Research
Grant Amount: $75,000

Status: Pending

Project Description:
The purpose of this project is to research the feasibility of installing down-hole turbines into
geothermal injection wells at geysers.

Proposed Outcome:
e A prototype down-hole turbine will be installed and tested.

Anticipated Benefits:
e Potential to capture at least 25 MWe of electrical power generation currently available as
a byproduct of environmental wastewater disposal.
e Potential to provide a system to acquire this energy that could be paid off in 2 to 3 years
at $20 per megawatt hour.

Project Status:

e Agreement in Progress
e Start date to be determined.
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Gyroton Rotary Engine Project: A Controllably Variable Compression and
Displacement Rotary Engine

EISG Grant Number: 01-05

PIER Area: Environmentally Preferred Advanced Generation
Principal Investigator: Geoff Deane (805) 899-9199
Organization: Dehlsen Associates, LLC

Grant Amount: $75,000

Status: Active

Project Description:

The purpose of this project is to research the feasibility of constructing a rotary engine based on
geometries that produce and follow an idealized asymmetric complete-expansion cycle. The
proposed engine design provides a high power to weight ratio and high thermodynamic and
mechanical efficiencies. Because it asymmetrically expands its working gases, the exhaust
temperature and pressure are significantly lower than conventional designs, making it less
acoustically and thermally obtrusive. The geometry allows dynamic control of both the engine’s
compression ratio and the engine’s total displacement allowing significant improvements to
efficiency in various operating conditions, such as using varied fuels and operating under low
engine load requirements.

Proposed Outcomes:
e A 10 HP prototype engine will be constructed.
o Feasibility analysis based on the performance of the prototype engine.

Anticipated Benefits:

e Increase the fuel efficiency of internal combustion (IC) engines by improving the
thermodynamic and mechanical efficiencies of the engine, which are needed to make IC
engines competitive in the distributed generation market.

e Make available a more efficient IC engine with a capital cost around $400/kW.

Project Status:
e Design — 90%.
e Fabrication and Assembly — 90%.
o Testing — 35%.
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High Efficiency Organic Thin Film Solar Cell

EISG Grant Number: 02-06

PIER Area: Renewables

Principal Investigator: Shalini Menezes (805) 497-2677
Organization: InterPhases Research

Grant Amount: $75,000

Status: Active

Project Description:
The purpose of this project is to demonstrate the feasibility of a low-cost organic thin-film solar
cell device that can be fabricated using a simple robust process for organic/polymeric materials.
Barriers to the widespread use of solar cells (photovoltaics) are mainly cost related. Organic solar
cells have many practical advantages ensuring their low-cost production and product
competitiveness. They include:

e Simple